Since a nationwide childhood vaccination with tetanus toxoid, tetanus has become a rare disease in Korea. However, we recently experienced 17 cases of adult tetanus in a university hospital during a 21-month period. Seventy percent of the patients were female, and the mean age was 63 yr (range, 29-87). The majority (88.2%) of the patients did not get primary vaccinations for tetanus and decennial tetanus-diphtheria toxoid booster. Most patients (88.2%), who sustained acute injury, did not seek medical care for their wounds or did not receive the prophylaxis for tetanus. Tetanus was found most frequently among farmers. Tetanus was diagnosed initially only in 53% of patients. The case-fatality ratio was 23.5%. These cases show that recently occurring tetanus in Korea is a disease, affecting the elderly and the female who may have a lower immunity against tetanus, and the farmers who are likely to be exposed to Clostridium tetani. In addition, diagnosis of tetanus is often delayed in area where cases are seen infrequently. Therefore, improved education among patients and physicians, emphasis of anti-tetanus immunization and awareness of tetanus respectively, may be essential for the prevention of disease and the reduction of its mortality.
INTRODUCTION
Due to the introduction of vaccination program and the advance of public health, tetanus is now uncommon in the developed countries. In Korea, a nationwide childhood vaccination with tetanus toxoid began in 1956 and the improved wound management have resulted in a decrease of tetanus (1) . While major efforts have been made to increase immunization coverage among children, very little attention has been paid to immunization against tetanus among adults. Thus, the risk of tetanus may increase with age.
Recently, physicians might not have had a chance to take care of tetanus patients due to a decreasing number of tetanus cases in the developed countries, as well as in Korea. As a result, tetanus may not be diagnosed adequately during the early stage and therefore, proper treatment for tetanus can be delayed. To our knowledge, there have been no documented reports about spectrum of tetanus recently occurred in Korea. In this report, we describe the demographics, epidemiological and clinical findings, management, and outcome of 17 tetanus patients who presented to Chonnam National University Hospital during a 21-month period.
MATERIALS AND METHODS

During the periods of March 2000 and November 2001, 17
cases of tetanus were diagnosed at Chonnam National University Hospital, a 900-bed university-affiliated teaching hospital in Korea.
All cases of tetanus were clinically diagnosed, based on the clinical case definition for public health surveillance for tetanus, because a laboratory test for definitive diagnosis of tetanus was not routinely available. Tetanus is defined as an acute onset of hypertonia and/or painful muscular contractions, usually of the muscles of the jaw and neck, and generalized muscle spasms without other apparent medical cause (2) . A chart review of the demographic characteristics, epidemiology, occupational and immunization history, symptoms and signs, treatment, and outcome of 17 cases of tetanus were studied. In addition, we reviewed the provisional diagnosis in order to find out whether the first physicians were aware of tetanus in emergency room.
RESULTS
Patient characteristics
During a 21-month period, we identified 17 adult tetanus. Demographic characteristics, epidemiologic and clinical features, and clinical outcome for all study subjects are summarized in Table 1 and 2. The mean age of the 17 patients was 63 yr (range, 29-87). There were 5 (30%) males and 12 (70%) females. All the cases were non-neonatal, adult tetanus. Of these, all patients except one who was a 29-yr-old female who was a housewife, and also a puerperal tetanus patient, were farmers. We reported the case of puerperal tetanus patient previously (3). Out of the 17 patients with tetanus, 15 (88.2%) patients did not get the primary vaccination for tetanus and decennial tetanus-diphtheria toxoid booster, but two (11.7%) patients had a primary vaccination series during the childhood except decennial tetanus-diphtheria toxoid booster thereafter.
All the patients in this study developed tetanus during the periods from March 2000 to November 2001, which usually coincided with the warm season and the time of their most intensive work in the fields.
Portals of entry and type of injury
An acute injury sustained before onset of tetanus was identified among the 16 (94.1%) tetanus cases with known injury status. Portals of entry were an upper extremity in 8 (47.0%) patients, a lower extremity (one patient had a burn wound on back as well) in 6 (35.2%) and an oral cavity in 1 (5.8%). One puerperal tetanus patient did not have a sustained acute wound, but the disease occurred 9 days postpartum. In this case, the genital tract might be the portal of entry. Of 17 cases, 4 (23.5%) occurred after puncture wounds and abrasions, the most common types of injuries, respectively. The types of puncture wounds were from cuts by rusty wire, or piece of wood, and from stepping on nail or glass. Other most frequently reported types of acute injuries were 3 (17.6%) lacerations, 3 (17.6%) wounds including burn, and 1 (5.8%) patient had a toothache due to odontitis and had tooth extracted. Additionally, two (11.7%) patients applied home remedy, ground grass or tree to previous operation wound or wound due to ingrowing nail.
Fifteen (88.2%) patients, excluding one with whom tetanus occurred after the delivery, and another one with odontitis, did not seek for medical care for their wounds and did not received prophylaxis for tetanus. They applied wound care for themselves at home, because the wounds were mild and small in size.
Clinical features
The incubation period, which is the time between the injury and the first clinical symptoms, varied from 2 to about 60 days. In addition, the interval between first symptoms and generalized spasms, period of onset, also varied from 1 to 10 days.
The clinical type of tetanus was generalized in all patients. The first symptoms and signs were lockjaw, the most common first symptom in 17 (100%) patients, swallowing difficulty in12 (70.5%), dysarthria in 6 (35.2%), and neck stiffness in 5 (29.4%) patients.
Autonomic nervous dysfunctions were common. Of cardiovascular dysfunction, profound bradycardia or tachycardia were in 3 patients; 1 sinus tachycardia occurred 1 day, 1 atrial fibrillation 2 days, and 1 ventricular tachycardia 5 days after onset of symptoms. The patients with ventricular tachycardia received cardiopulmonary resuscitation and antiarrhythmic drugs, but other patients were restored spontaneously to normal sinus rhythm without antiarrhythmic drugs. Also disordered blood pressure was in 14 patients. Those cardiovascular dysfunctions were recurrent and labile. Six patients, who had a mean period of onset 3.1 days (range, 1-7), developed laryngeal spasm of sudden onset, progressed to respiratory failure and received mechanical ventilation. In addition, sweating and increased secretion were common. Other clinical manifestations were presented in Table 2 .
Complications were pneumonia in 5 patients, atelectasis in 4 patients, bacteremia (catheter-related) in 3 patients, joint contracture in 3 patients, urinary tract infection in 2 patients, and pressure sore in 2 patients.
Provisional diagnosis in emergency room
We reviewed the provisional diagnosis in order to find out whether the physicians were aware of tetanus in emergency room. Provisional diagnosis were tetanus in only 9 (53%) of the 17 patients. The actual erroneous diagnoses by clinicians included oromandibular dystonia, electrolyte imbalance, cervical dystonia, meningitis, meningoencephalitis, hypertensive encephalopathy, cerebral infarct, arthritis of temporomandibular joint, cerebral infarction and spinal cord injury.
Treatment and outcome
Of 17 patients, all patients received treatment such as TIG (tetanus immunoglobulin, Hypertet � 3000 IU, Green Cross, Korea) and intravenous metronidazole (500 mg thrice daily). However three patients did not receive the whole period of treatment and was discharged or sent to other hospital. Since Td (tetanus-diphtheria toxoid) was not available, DT (diphtheria-tetanus toxoid, D.T. VAX � 0.5 mL, Green Cross, Korea) was subcutaneously administered for 14 patients on admission, and for 11 out of 14 patients who received the whole period of treatment on 1 month and 6 months after the first dose. They were monitored in the quiet and dark room at which environmental stimuli and unnecessary patient manipulation were minimized. Patients with unstable vital signs were cared in intensive care unit during the early stage. Benzodiazepines were used for sedation. In addition, vasopressors or antihypertensive agents were used for disordered blood pressure. In case of patients with severe muscular rigidity and pain, muscular blocking agent (vecuronium) was administered after the mechanical ventilation was applied. Six patients with respiratory failure received ventilator therapy.
Four deaths occurred among 17 patients, including 3 patients who were not cared over the whole period of treatment in our hospital, representing a case-fatality ratio of 23.5%. Among 4 deaths, 3 result from patients who denied treatment in our hospital and were discharged or sent to other hospital and 1 results from patient with intractable hypotension.
DISCUSSION
Tetanus is a fatal infectious disease, usually of acute onset, which results from contamination of a wound with the tetanus bacillus, Clostridium tetani. The clinical manifestations result from a potent neurotoxin, tetanospasmin that produces painful spasm and muscular rigidity. Vaccination with a primary series of three doses of tetanus toxoid containing vaccine and booster doses of Td (tetanus-diphtheria toxoid) every 10 yr are highly effective in preventing tetanus (4) .
During 1990-1999, a total of 8 tetanus cases have been reported in Korea: 1 case in 1992, 3 cases in 1998, and 4 cases in 1999 (5-7). A number which, due to passive reporting by physicians, may underestimate the true rate of incidence of the disease. In addition, the every 10-yr-booster of Td after the primary tetanus-toxoid containing vaccine series have been neglected in Korea because of unavailability of Td and lack of education of adult vaccination. Therefore, the rate of occurrence of tetanus may increase in Korea.
Our cases show that tetanus occurred more often among the elderly females and males. The frequent occurrence of tetanus among the elderly females and males may be due to the dif-*, one patient had bradycardia and 5 tachycardia including atrial fibrillation and ventricular tachycardia in one each.
Clinical characteristic
No ference of tetanus immunity by age and sex. In the U.S. study, the prevalence of immunity declined rapidly at the age of 40 yr, and only 27.8% among those 70 yr of age or older had protective levels of tetanus antibodies. It also states that men had significantly higher age-adjusted rates of immunity than women had, and in particular, large differences in the rates between men and women at 40 yr of age or older accounted for most of this gap (8) . Similarly, among the Australian population, 52% of adults 49 yr of age or older had protective levels of tetanus antitoxin. There also was a significant decline in the prevalence of immunity with increasing age, and women were less likely to be immune regardless of their age (9) . A recent population-based serologic survey of immunity to tetanus in Korea may partially explain the frequent occurrence of tetanus among the elderly females and males: the immunity to tetanus remarkably decreased among the populations 30 yr of age or older, of whom over 75% needed maintenance of immunity to tetanus, and among populations greater than or equal to 60 yr, the immunity in male was significantly greater than in female (10) . In addition, the majority of Korean male, who had records of military service, might have protective immunity to tetanus. Therefore, the differences in the rate between men and women were increasing with age, suggesting that women were less likely to be immune (8) (9) (10) . Most patients in our study had an acute trauma sustained before onset of tetanus. However they did not seek for medical care for their wound, because their wounds were not considered severe. Thus, they did not have a chance to receive prophylaxis against tetanus. In addition, 16 patients were farmers who were likely to be exposed to the soils, a natural habitat of C. tetani, and one patient was a housewife who did not have an acute trauma except delivery occurred in the hospital that used standard hygienic practices. Because C. tetani are widely distributed in the environment, and are found in the intestinal flora of domestic animals, horses, chickens, and humans, the genital tract may be a natural habitat for C. tetani. The portals of entry described in our study are consistent with the previous studies (11 -13) . However, even minor trauma can lead to tetanus and in up to 30% of patients no portal of entry is apparent (11, 12) . These findings illustrate that there are no safe wounds for tetanus. Therefore, the prevention for tetanus requires carefully reviewed tetanus immunization status and a full immunization for all visitors at health care centers.
The incubation period and period of onset are important in prognosis; shorter these periods, more severe the disease (14) . In this study, six patients with period of onset 3.1 days developed respiratory failure and required mechanical ventilation. Thus, a short period of onset may be associated with requirement of ventilation.
Tetanospasmin, which C. tetani produces, exerts its effects on the spinal cord, the brain stem, peripheral nerves, at neuromuscular junctions, and directly on muscles, with antagonizing inhibitory motor activity and also with stimulating the autonomic nervous system (14, 15) . Of four types: localized, cephalic, neonatal or generalized, generalized tetanus is the most common and presents with pain, headache, stiffness, rigidity, opisthotonus and spasms, which can lead to laryngeal obstruction. Trismus (lockjaw)-the inability to open the mouth fully owing to rigidity of masseters is often the first symptom. In this study, 100% of patients experienced lockjaw, 70.5% difficulty in swallowing, 35.2% dysarthria, and 29.4% neck stiffness as the first symptoms and signs. As the disease progresses, spasms extend into other muscular groups including back, abdomen, extremities or respiratory system, leading to respiratory arrest, the commonest direct cause of death when intubation and mechanical ventilation is not available. Six patients who developed laryngeal spasm in our study required prolonged mechanical ventilation, and two of six patients died; one was discharged without complete treatment and another died of intractable hypotension. In addition, autonomic disturbance with sustained labile hypertension, hypotension, tachycardia, bradycardia, dysrhythmia and increased secretion are recurrent, labile in severe cases (16) . In particular, these cardiovascular manifestations do not usually occur until later in the course of the disease and is associated with a poor prognosis (17, 18) . In our study, a total of five patients developed arrhythmia within 5 days after onset of symptoms and one patient died of hypotension.
The common complications in our study, such as pneumonia, atelectasis, catheter-related bacteremia, joint contracture, urinary tract infection and pressure sores may be attributable to increased bronchial secretion, intensive care and prolonged periods of immobility. Much attention must be paid to preventing those complications and detail in basic care.
The diagnosis is based on clinical features. Because of the rarity of tetanus, as well as the similarity of its clinical manifestations to other more common medical conditions, the diagnosis is difficult and is often a diagnosis of exclusion. The differential diagnosis of tetanus should be extensive; hypocalcemia, hypoglycemia, strychnine poisoning, drug induced dystonic reactions, rabies, orofacial infection, meningitis, seizures and meningoencephalitis (14) . In our study, only 53% of patients were diagnosed with tetanus initially in emergency room. Early diagnosis and aggressive management are to be implemented in order to reduce the mortality of tetanus patients. Thus, increased awareness and education regarding tetanus among physicians should be emphasized.
There is no curative treatment for tetanus. If tetanus is suspected, aggressive management should be implemented as early as possible. All tetanus patients should be cared in a monitored room that is dark and quiet. Environmental stimuli, as well as unnecessary patient manipulation, should be minimized. Tetanus patients may often require ventilatory support because of asphyxia from increased secretion and continual muscle spasms. In our study, six patients progressed to respiratory failure and received mechanical ventilation. If the hypersympathetic state such as hypertension, and tachycardia happened, early attempts to control autonomic disturbance included and -adrenoceptor blockers and combined block either with propranolol or labetolol (14) . Large doses of sedatives such as benzodiazepines may be necessary to control muscular spasms and tetanic seizures. Tetanic spasms refractory to benzodiazepines may be managed with nondepolarizing neuromuscular blocking agents such as vecuronium.
Passive immunization with human tetanus immunoglobulin (HTIG) should be given intramuscularly as soon as possible, proven that early administrations are associated with decreased mortality. Once the toxin is bound and internalized it will have no effect (19) . When 3000 IU are administered intramuscularly, maximum concentrations reach in 24-48 hr and approximately 0.1 IU/mL. Adequate concentrations of passive antitoxin that protect a human against tetanus are maintained for 10-15 days (14) . Patients with tetanus also should actively be immunized through administration of adsorbed tetanus toxoid given intramuscularly at a site contralateral to the HTIG dosing. In our study, DT were administered to the patients instead of Td, which was not available in Korea. Vaccination with lower dose of DT (0.25 mL) induced an excellent immune response (20, 21) . All adults should be immune to tetanus and if not previously immunized they should be given a primary immunizing course (three doses of Td administered at time zero, 4 to 8 weeks, and 6 to 12 months) with boosters administered every 10 yr thereafter (22).
In patients with a deep wound, thorough debridement and toilet, and antibiotic therapy are critical to remove the source of toxin production. Metronidazole is a safe alternative to penicillin because penicillin can cause CNS hyperexcitability and may be now considered as the first line therapy (23) . The dose is 500 mg every 6 hr intravenously for 7-10 days.
There were four deaths with the case-fatality rate of 23.5% in our study. In the U.S. studies, the case-fatality rate of 11-25% was reported and increased with age (12, 24) . In particular, total of three patients who did not receive the whole period of treatment in our study died. Thus all tetanus patients always require the intensive treatment.
Only 11.7% of tetanus patients in our study have received a primary series of tetanus-toxoid containing vaccine, and all patients did not have a booster within 10 yr before onset of tetanus. This finding is similar to that seen at the previous studies (12, 24) . Therefore, to reduce the tetanus burden among older adults, the necessity for the every 10-yr-booster of Td after the primary tetanus-toxoid containing vaccine series should be emphasized.
Our study is limited because of the small number of patients, diagnosis only based on clinical features, and incomplete treatment for 3 patients who were discharged or sent to other hospital.
In summary, our cases show that tetanus has still become a disease of the elderly and inadequately immunized persons in Korea. Most tetanus patients had acute injury sustained before onset of tetanus, but did not receive tetanus prophylaxis such as anti-tetanus immunoglobulin and/or tetanus vaccination. Therefore, every contact with a potential patient at risk should prompt a careful review of tetanus immunization status and ensure full immunization for prevention of tetanus. In addition, increased awareness and education regarding tetanus among physicians are essential for recognizing tetanus along with aggressive management in the early stages.
